Simple Stress and Strain 


9 


The elongation of the bar follows from Eq. (1.2) 

AT = eL (1.5b) 

At the same time, the cross section contracts by an amount defined by Eq. (1.4). 
Since Ar = ur , we get 


Ar . eur 


(1.5c) 


Hence, the volume of the bar subjected to the tensile mode becomes 

V'= tt (r — eur) 2 (L + eL) (1.5d) 

or 

V'= nr 2 L(l — eu) 2 (l + e) (1.5e) 

Multiplying throughout and neglecting the terms involving the squares and higher 
powers of the uniaxial strain gives 

V' = 7rr 2 T(l + e - 2ue) (1.5f) 


We can now define the volumetric strain as the ratio of the change of volume to 
the original volume, using Eqs. (1.5a) and (1.5f) 


V' — V 7rr 2 T(l + e — 2ue) — 7r r 2 L 
V = 7rr 2 L 


(l-5g) 


Simplifying Eq. (1.5g) and denoting the volumetric strain for this bar by AV/V 
gives 


av 

~V 


= fd-2.) 


( 1 . 6 ) 


Although Fig. 1.1 illustrates a bar of circular cross section, the same rules apply 
to bars with other uniform cross sections. For an elemental cube submitted to 
hydrostatic stress, the volumetric strain is equal to three times the uniaxial strain, 
provided that the response is elastic. 

When engineering materials behave elastically, the values of Poisson’s ratio 
can vary within a relatively narrow range, usually between 0.25 and 0.35. For a 
material subjected to very high stresses and plastic deformation, the theoretical 
limit of 0.5 may be reached. The volume of the material under these conditions 
remains essentially constant, and the change in volume, as shown, for example, 
by Eq. (1.6), becomes zero. On the other hand, for an ideally brittle material, 
the volume change would be equal to the linear change in a dimension, as given 
by Eq. (1.6). In practice, it is unlikely that the minimum value of Poisson’s ratio 
will be less than 0.1. It should also be noted that, by itself, the Poisson’s ratio 
effect creates no additional stresses unless some lateral constraint is introduced 



